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By Hubert M. Drake,  Harold R. Goodman, 
and Herbert H. &over 

The NACA I s  conducting a detailed  fligh+research program in the 
t rmmnic  speed range, utilizing the rocket-powered Bell  XS-1 airplane 
uith the  10-percent-thick wing asd 8-percent-thick  horizontal tail. 
Before this detailed program m started, the NACA made a'aeries of 

This report  presents results of t h i s  series of f l ights t o  a Mach 
number  of 1.06 at  al t i tudes of about 40,000 feet .  

. eqloratory flights t o  dete-e the o p e r a t a  limits of the  airplane. 

4. 
The data show that there ts a gradual change of trim In the nose- 

down direction as the mch n M e r  is increased f r o m  0.78 t o  0.99 w h i l e  
above this  Mach  nuniber there is a c-e in trim in the nose-up 
dfrection. Tim elevator  effectiveness in prodicing  acceleration 
decreases to  a mininm at a Mach  number of 0.99. The elevator  forces 
required t o  fly from subsonic  speeds 'up to a Mach number of 1.06 at, 
about h , O O O  feet  are light, never exceed- 30 pounds. The rudder 
effectiveneos ia very l a w  st Mach nmibers ne.= 1.0, and the rudder 
forcea are light. An intermittent  lateral  osclllat Lon I s  present at 
both  high and lov Mach nuribera. 

Since the acceptance teste of the XS-1 airplane  (referemen 1 
and 2) were  completed, the two a i q h e n  have been put Into operation 
f o r  r eeemh purposes. One of these aIrpla;nes, which has an 8-percent - 
tMck w i n g  and 6-percent-thick  horizontal tail, plae been med by the 

accelerated transonic-flight-rcae~ch Dmgram with kha cooperation of 
the NACA. The results of t h i s  program were reported  in  references 3 

of 1 .O t o  be feasible with this airplane. The NACA is conducting a 

I U. S. Air Force, Air Mabriel  Comnmd Flight Teot Dlviflion, in an 

c t o  5 ,  which presented data that showed f l ight  beyond a M%ch n-aiber 
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detailed f light-research program in t h e   t r m o n i c  meed range using the 
other XS -1 airplane which  hae a 10 -percent  -thick wing and 821 8-percent - 
thick  horizontal tail.  Before this detailed  flight-research program 
was started, however, t h e  NACA made a series of e-loratory flights to 
determine the  operatlonal limits of  the XS-1 airplane  with  the  thicker 
surfaces. These tests showed that   f l ight  at speeds in excess of Mach 
rider 1.O.is possible with thFs airplane -80. The results of these 
preLbinary XACA flights  pertaining to the   s tabi l i ty  and control  charac- 
te r i s t ics  are presented Fn thi8 report. Results of the wing and t a i l  
loads measured during these flight8 w i l l  be presented fn a separate 
report 

M Mach number corrected f o r  error in measurement of s t a t i c  
pressure 

AM e m r  Fn Mach nmiber  due t o  error Fn measurement of s t a t i c  
pressure (N = Corrected Mach n M e r  - Uncorrected Mach 
nmber) 

it stabi l izer  setting, degrees 

W aiq'lane w e i g h t ,  pounds 

6, elevator  position,  degrees 

6, right aileron position, degrees 

s, rudder position, degree8 

Fe elevator  wheel force, pounds 

Fa aileron wheel force, pounds 

Fr rudder pedal force, pounds 

P sideelip angle, degrees 

4 change in angle of attack of stabil izer,  degrees 

m e  change in elevator  position, degrees 



f 

H pressure  altitude,  corrected. for positlon  error,  feet 

Q acceleration  of  gravity,  feet  per  second per second 

¶ dynamic pressure, po-mds per square foot 

n normal acceleration,  gravitational wits 

Both  the  pert bent  dinemione and a description of the XS-1 air- 
plane  utilized in the NACA traneonic-rese~rch program are  given in the 
three-view drawing and shotographa  presented as figures 1 and 2. 
Detailed  physical  characterfatics are tabulated in reference 1. 

Since  the  weight of fuel Etnd oxidizer  required  for  rocket 
operation is large in comparison  to  the  airplane  weight,  it  would be 
expected  that  the gross weight and center-of  -gravity  position  might 
change  considerably during a flight. In order to determFne  the  weight 
and  center-of-gravity  position of the airplane in flight, the airplane 
was weighed on the ground in a series of canfiguratione  corresponding 
to  flight  conditione. The results  of them weigkhgs are as follows: 

Launchin&: 
Weight, pounds . . . . . . . . . . . . . . . . . . . . . . .  12,200 
Center-of-gravity  position,  percent  M.A.C. . . . . . . . . . .  22.5 

Completion sf poxer flight when jettisoning is initiated: 
Wefat, pounds . . . . . . . . . . . . . . . . . . . . . . . .  7600 
Center-of  -gravity  position, percent M.A.C . . . . . . . . . . .  20.3 

Landing: 
Weight, pounds . . . . . . . . . . . . . . . . . . . . . . . .  7024 
Center-of-gravity  position, percent M.A.C. . . . . . . . . . .  24.24 

The instrumentation of the  airplane  coneists of: 

(1) Standard XACA internal  recording inetrmnts which  record: 
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(2) A =-channel  Consolidated  oscillograph which recoriis: 

(a) R i g h t  wing aerodynamic shear and bending load 
(3) Right and left horizontal t a i l  aerodynamic shear and 

bending loads 

(3) A sixteen millimeter GSAF camera t o  photogragh the p l h t ' s  
instrument panel 

(4) A six-chmnel NACA radio telemeter and & Consolidated 
oscillograph at  the ground telemeter station which record: 

(a)  Indicated  airspeed 
(b) Pressure al t i tude 
(c) Normal acceleration 
(a) Elevator angle 
( e )  Stabilizer -le 
( f )  Right aileron angle 
(g) Times at which radar data box camera recorda tracking data 

( 5 )  A modifled SCR 9 radar unit and a sixteen milltmeter radar 
data box  camera to  photogmph tracking data f r o m  the SCR 584. 

The data frm the internal recording  instruments and the oscil lo- 
graph are synchronized by a corrpnnn timer. These data Fn turn are 
synchronized w i t h  the telemetered data asd the radar data box camera 
frames by recording  the internal timer si-, the data box  camera 
frame counter signals, and the  telemeter timer s5multaneorml.y on the 
continuow, telemetered  record made on the Consolidated recorder in 
the telemeter ground station. The data obtained from the camera 
photographin@; the p i lo t ' s  Instruntent panel are r eh ted - to  the remainder 
of the recorded data by noting  the frames where the  pilot  actuated  the 
data switch and not- the times when data were recorded. 

A comgazison  between internal and telemetered  recording of data 
was presented in reference 3 .  In the  present  report, a L L  data presented 
w e r e  obtained f r o m  the internal Instruments. 



The SCR 584 radar set was modified fo r  longer range and incorpo- 
mted as M-2 optical  tracking unit to  permit r m t e  control of the 
unit a.nd thus eliminate the hunt inherent wfth the radar when track3ng 
is done automatically. The radar data box  camera recorded values of 
radar slast m e ,  elevation, and azimuth which are used t o  obtah  the 
airplane geometric a l t i tude throughout the flight. 

The elevator angles presented in this  report were measured at the 
center Une of the elevator  torque  tube at the fmelage center line 
xith respect to  the  stabil izer.  The s tabi l izer  as@;lea were measured 
with respect t o  the fuselage center lhe, and the rudder and right 
aileron angles were lneasured w i t h  respect to their  neutral  positions. 
The airspeed head ueed was a &llema;n "High Speed" type and waa 
mounted on a boom one chord length ahead of the left wing t ip .  

5 

Flight testing with the XS-1 airplane is conrplkated by a nmiber 
of factors not present in normal flight-test work. This is caused 
primarily by the  characteristics of the  rocket  parer  plant.  Since the 
thrust can be varied only in Fncrements of about 1m pounds, it is 
diff icul t   to  obtafn stabillzed  conditions. As e h t e d  before, the high 
rate of propellant consumpti&, inherent in rocket engines, causes 
U g e  changes in weight and center-of  -gravity location during flight. 
This makes the  obtaining of data f o r  comparable normal-force coefficients 
asd center-of-gravity  poeitiom very diff icul t .  Since the  duration.of 
powered flighti i s  anly a few minutes, it is diff icul t  t o  obtain  steady 
flight or  any series of mneuvera at high Mach n7mibera. 

A calibration of the airspeed head has been made up t o  a cor- 
rected Mach  nuniber of 1.06 by mane of the radar track- method 
de8cribed in reference 6 .  The results of the  calibration a r e  given 
in figure 3 as a plot of tho  ratio of error in Mach n w e r  t o  
the  corrected Mach nmber M against corrected Mach nmiber. The 
curve i B  applicable t o  the data presented in th i s  report within 
f l  percent of corrected Mach nmfber. The rapid rise 3n error in 
recorded Mach, umber and the abrupt drop at a Mach nuuiber of 1.03 
are  in general agreement with previous data presented in references 4 
and 5. 

The variation of  control-surface  poeftians asd forces and sideslip 
angle Kith Mach ILumber is shown in figure 4. These data were selected 
from rune made in straight flight with tu0 stabilizer settinge for  an 
essentiallg  constant normal-force coefficient of about 0.31. No 
record waa obtained of sideslip angle for the d a t a  taken with 
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0.70 stabil izer incidence. Although d u r a  each of these r u m  the 
center-of - sav i ty  ranges are not  the same, they m e  believed to be 
close enough for cnmparison of data. 

Figure 4 shows that with 2.20 stabi l izer  incidence, the elevator 
mved up as  the Mach nmiber -creased and reached full-up at M = 0.93 
with a p u l l  force of about 30 pounds. A t  the highest Mach nmiber, 0.935, 
the airplan6 was not completely trlmmed and more elevator would have 
been used hed it been available. Therefore, for  the next flight a 
stabil izer incidence of 0.70 was ueed. ' T h e  variation of elevator 
position and force w i t h  Mach amber was ementially  the as with 
2.20 stabil izer incidence. Above a Mach nmiber of 0.93, however, the 
pilot  reported that the  elevator  effectiveness w a s  very low asd he 
could not be sure of the trim position of the  elevator. Thus, the 
large changes in elevator  position near M = 1.0 should not be 
construed t o  indicate completely a trim change. 

To i l lust rate   fur ther  the decrease in elevator  effectiveness, a 
time history of the portion of the flight at M =s' 0.- is shown in 
figure 5 *here the pi lot  s l o w l y  moved the  elevator from --up t o  
almost full-down. The airplane responded slightly a8 shown by the 
decrease in normal acceleration and normal-force coefficient. The 
Mach  n'lrmber increa8ed sll&tly during this mn. The cplange in lift 
for  this  large elevator motion was, however, largely w i t h i n  the range 
of normal-force coefficients of figure 4. The Ermall change in lift 
resulting f rom the U g e  change in elevator deflectim ca;p be attrib - 
uted t o  l o w  elevator  effectiveness and hlgh stabil€ty.  The relative 
elevator effectiveness was determined fram the h t a  of figure 4 and 
is shown in figure 6 as a function of Mach numiber. Because the t a i l  
Hft may vary nonlinearly with elevator  deflecttan,  the data of 
figure 6 show only the average effectiveness over the deflectian 
mnges used. Figure 6 shows that 3 is decreaabg  continually 

with increase in Mach nuniber and decreases 50 percent between M = 0.78 
me 

M = 0.93- 

A time his tory of a turn made at a Mach nmber above 1 is pre- 
sented in  figure 7. Elevator position and force data fo r  th i s  and 
other turns aa w e l l  88 the push-down  shown in figure 5 are presented 
in figure 8. The data for the push-down were t a n  at M = 0 .gg 
and. the data for  the turn above Mach nmiber 1.0 were taken at 

M = 1.04 f 0.01. The stability  pamneters 

data are plotted against Mach nmiber in figure 9. Although these 
data are not s t r i c t ly  cornarable bBcause of the  differences in altitude, 
stabil izer +acidence, and center-of  -gravity  position, some conclnsions 
can be &awn since it is probable that the changes in Mach number are 

B e  
G 8 n d T  from these 
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a e  
the predominating influence. The value of - ac, increams from a low 
epeed  value  of 2O to a value  of 1130 at M = 0.99, indicating  almost 
complete lose of elevator  effectiveness in producing  acceleration. 

The value  of  then  decreases to about 850 at M = 1.04. The 

value  of - increases SMIAZ~Y from a value of 6 pounds per g at Fe 

M = 0.68 to a value  of  about 72 pounds  per g at M = 0.9. For a Mach 
ntruiber of 1.04 the  stick  force  per g decreases  to a value of 52 pounds. 

dcN 
n 

In figure 7 at  approximately 22 seconds  the  rocket  power -E 
turned off. The a i r p h e  decelerated  through the trmonic speed 
range in about 8 seconds  whfle  the  elevator  position was 'held fairly 
conatant. The deceleration was accompanied by ra2id c-ea in normal 
acceleration cawed by the  elevator  being in the wrong position as the 
airplane  left  the  Mach  nuuiber m e  where  the elevabr was  ineffective. 
This  disturbance  occurs every time  the  airplane  decelerates in this 
-e of h c h  n'Lnober. The changes in normal acceleration were 
relatively BmEbu in magnituae. 

The pilot  reported a left" heaviness  at  high  speed. The 
aileron-angle  and  aileron-force  curves  for  the  two  flights  shown in 
figure 4 are inconsistent,  and  except  at  Mach nunibere above 1.0 the 
forces are usuaUy less  than  the  control system friction of f10 pounib. 
At  Mach  nmibers  above.l.0  right  aileron angle and  force m e  used to 
balance  the laft-wing heaviness. Tunvneter data are missing for  these 
flights. and, although the data were obtained when  the  transverse 
acceleration was zero,  it is probable thae some of the  data  were 
obtained  while rolling, uhich would account  for  the  differences Fn 
aileron sngle between  the  two rum. 

The  pilot  reported the rudder w a s  very ineffective Fn producing 
eidealip  at Mach numbem near 1.0. Figure 5 showa that at a Mach 
rider of 0.99 deflecting the rudder approximately 4' produced no 
transverse  acceleration. The rudder  forces  were light throughout 
the speed range. 

An intermittent  lateral osciUatian of small amplitude and a 
period  of  between one and two seconds has been  noticeadle In all 
flights  with  this  airplane. The pilot  stated  the oscillation was very 
annoying and d e  precision flying difficult.  Intermittent  traces  of 
this  oscillaticm are evident on the  transverse  acceleratfon  record 
of figure 5. If a h r g e  amplitude  oscillation is initiated Fn the 
airplane, it will da?q to small applitude  rapidly,  but  the small 
amplitude osciUtion will persist.  The  oscillation does not appear 
to be solely a transanic  phenomena  because  it  occurs  at  both low 
and high Mach nlmibers. 
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F r o m  fl ights at tramonic speeds of the XS-1 airplane having a 
ID-percent -thick wing and an 8-percent  -thick horizontal  tail, the 
f o l . b w u  prei- conclusions m y  be drawn: 

1. There is a  grad^ nose-down  change in trim a8 the Mach nmiber 
is increased from 0.78 t o  o .% and a change in the mse-up  direction 
t o  M = 1-05. 

2. The elevator  effectiveness  decreases  about 50 percent as the 
Mach  number increases from 0.78 t o  0.93 and is so l o w  a t  Mach numbers 
above 0.93 that it has been diff icul t  t o  establish the elevator-esgles 
actually  required f o r  trim. 

3 .  The elevator forces  required to fly from subsonic speeds up to 
a Mach number of 1.06 at about 40,000 feet  are light, never e x c e e w  
about 30 pounds. 

4. The elevator  effectiveness in producing acceleration decreases 
t o  a mum a t  M = 0.99. 

5 .  The rudder effectiveness was l o w  at Mach nmbers near 1.0 
and the rudder forces were light. 

6. There is an intermittent  lateral   osciUation of mdl amplitude 
present at both high and lar Mach nuxibere. 

Langley Aeronautical Laboratory 
National Advisorg Committee f o r  Aeronautics 

Langley F'ield, Va. 

Hubert M. Dralre 
Aeronautical Research Sciantist 

Barold R. Goodman 
Aeronautical  Ewineer 

Berbert H. Hbover 
Aeronautical Research Scientist 

Approved : lka.4.aW 
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Figure 1. - Three -view drawing of XS -1. 
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XS-1 airplane. 41 000 feet pressure altitude. 
cNA = 0.31 2 o 
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Figure 5. - Tims histories of measured quantities durFng a push-dawn 
at M = 0 .gg. XS-1 airplane. Center of gravity = 21.1 percent 
mean aeroaynamic  chord to 20.9 percent mean aerodynamic  chord, 
it = 0 . 7 ~ .  
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Figure 6.  - Vasiation of relative  elevator-stabilizer  effectivanees 
with Mach nuuiber. XIS-1 airplane. 41,000 feet  pressure 
altitude . 
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* '  Figure 7 .  - Tlme 'hietory of measured quasltities during a turn 
above M = 1.00. XS-1 airplane. Center of gravity = 20.9 percent 
man aero&mmic chord to 20.6 percent mean aemmamfc chord, 
it = 0.70. 
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Figure 8. - Control  characteristics of XS-1 airplane in accelerated flight 
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Subject 

Mach Number Effects - Complete W r z l g ~ l .  
A i r p l a n e s  - Specific Types 
Stability, Longitudinal - Static 
Flying Qualities 

N m i b e r  

1.2.2.6 
1.7.1.2 

1.8.1.1.1 
1.8.5 

S 

Contabs results of exploratorg flf&ts a t  altitudes of &bout 
40,000 f set to a maximum Mach ntmiber of 1.06. Data ace presmbd 
ahowkg the longitudina3 trim chssges, elevator  effectiveness in 
pmduclng acceleration, and radder effectinnem ae a function of 
Mach number. Data on lateml oscillatians are ala0 presented. 
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